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ABSTRACT
We report the discovery of a ∼ 3◦.4-wide region of high-energy emission in data from
the Fermi LAT satellite. The centroid of the emission is located in the Southern
Hemisphere sky, a few degrees away from the plane of the Galaxy at the Galactic
coordinates l=350◦.6, b=-4◦.7. It shows a hard spectrum that is compatible with a
simple power-law, dNdE ∝ E−Γ, in the energy range 0.7–500 GeV, with a spectral
index Γ = 1.68 ± 0.04stat ± 0.1sys. The integrated source photon flux above 0.7 GeV
is (4.71 ± 0.49stat ± 2.13sys) × 10−9 cm−2 s−1. We discuss several hypotheses for the
nature of the source, particularly that the emission comes from the shell of an unknown
supernova remnant.
Key words: cosmic rays – ISM: supernova remnants – gamma-rays: general – gamma-
rays: ISM
1 INTRODUCTION
The current generation of gamma-ray observatories have re-
vealed a large variety of Galactic and extragalactic sources
of high-energy (MeV to GeV) and very high-energy (TeV)
emission. In particular the all-sky survey of the Fermi Large
Area Telescope (LAT) (Atwood et al. 2009) has had consid-
erable impact on the science of high-energy astrophysics.
Gamma-ray emitting objects observed by the LAT include
supernova remnants (SNRs), and their surroundings, pulsar
wind nebulae (PWN), pulsars, binary systems, novae, and
supermassive black holes (e.g., Abdo et al. 2010b; Acero
et al. 2013; Abdo et al. 2010a, 2009a; Ackermann et al.
2014a, 2015).
Uncovering the origin of gamma-ray emission in all
these systems is important to understand the physical pro-
cesses behind the acceleration of particles. Its study may also
help reveal the origin of Galactic cosmic rays with energies
up to ∼PeV. Several SNRs have been established as sources
of high-energy cosmic rays (e.g., Ackermann et al. 2013) but
the search for the Galactic PeVatron continues and many of
the observed sources remain unidentified.
SNRs also show a variety of gamma-ray spectra and
features that are not fully understood, which points to the
need for more studies and theoretical work on the prob-
lem of particle acceleration and transport (e.g., Abdo et al.
2009b; Yuan et al. 2011; Caprioli 2012; Bell 2014; Acero et al.
2016b).
Many known Galactic extended sources at GeV and
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TeV energies are likely PWN or SNRs (Acero et al. 2015;
Carrigan et al. 2013). Well studied examples of SNR shells
that emit gamma-rays are RX J1713.7-3946 (Abdo et al.
2011) and RX J0852.0-4622 (Tanaka et al. 2011). These
sources show a hard GeV spectrum which can be explained
by inverse Compton (IC) scattering of soft photons by high-
energy leptons, although the origin of the emission is still
debated. Most gamma-ray sources are found close to the
Galactic Equator, but this is not always the case. A no-
table exception is the unidentified source HESS J1507-622
(H.E.S.S. Collaboration et al. 2011) that lies about 3◦.5 from
the plane of the Galaxy and has no clear X-ray counter-
part, which is surprising given the low absorption expected
at its location. This also prevents a clear determination
of its distance, a key parameter to understand its nature.
Some authors have suggested that this and other uniden-
tified gamma-ray sources could be ancient PWN with no
counterpart at other wavelengths (Vorster et al. 2013).
Here, we report the discovery of an extended source of
gamma-rays seen in LAT data, which shows some of the
features of the sources discussed above. The source shows
a hard photon spectrum. When modeled with a uniform
disc template, the center of the emission is located at the
Galactic coordinates l = 350◦.6, b = −4◦.7 and its best-
fit radius is ∼ 1◦.7. Previously, several gamma-ray sources
were found in the region as well as hints of the presence
of extended high-energy emission. The Third EGRET Cat-
alog of High-Energy Gamma-Ray Sources (Hartman et al.
1999) shows a relatively low-significance unidentified source,
3EG J1744-3934 which can be consistent with an extended
source and also with a collection of multiple sources. It is
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located at the Galactic coordinates l = 350◦.81, b = −5◦.38.
A power-law spectral index of ∼ 2.4 is reported for this
EGRET source. In the Fermi LAT 4-year Point Source Cata-
log (3FGL, Acero et al. 2015), the unidentified sources 3FGL
J1733.5-3941 and 3FGL J1748.5-3912 lie close to the bound-
ary of the new source reported here and show soft spectra.
The source 3FGL J1747.6-4037 is also near the boundary of
the new extended source. It is identified as the gamma-ray
counterpart of the millisecond pulsar PSR J1747-4036 with
a dispersion measure that implies a source distance of 3.4
kpc. The pulsar’s spindown luminosity is 1.16×1035 erg s−1
(uncorrected for the Shklovskii effect; Kerr et al. 2012; Abdo
et al. 2013). It is a faint gamma-ray source and the LAT’s
spectrum shows no evidence of spectral curvature.
A ∼ 31′-wide SNR, G351.0-5.4, was recently discovered
in radio observations of the region (de Gasperin et al. 2014).
The SNR has a low surface radio brightness, its centre is lo-
cated at the Galactic coordinates l = 351◦.06, b = −5◦.49 and
has no optical counterpart, which led the authors to classify
it as an old SNR. No PWN is known within the extent of the
region. de Gasperin et al. (2014) analyzed Pass 7 LAT data
around the SNR and found a slightly spatially extended fea-
ture above the background with a 1.5σ confidence, although
no hints of emission within the radio contours of the SNR
were found. Finally, the unidentified point-like sources 2FHL
J1741.2-4021, reported in the Second Fermi LAT Catalog of
High-Energy Sources (2FHL) detected above 50 GeV (Ack-
ermann et al. 2016), is found within the region, and 3FHL
J1733.4-3942 reported in the Third Catalog of Hard Fermi
LAT Sources (3FHL, Ajello et al. 2017), was seen at the edge
of the new gamma-ray source reported here. In this paper
LAT data selection, analysis and results are described in
Section 2. In Section 3 possible interpretations of the nature
of this source are given.
2 DATA ANALYSIS
Fermi LAT data were gathered from 2008 August to 2016
September from the LAT data server1. The reprocessed
PASS 8 photon and spacecraft data were used. The instru-
ment response functions P8R2 SOURCE V6 were used and
the data were analyzed with the public Science Tools soft-
ware version v10r0p5. Recommended cuts for standard anal-
ysis were applied by selecting SOURCE class events and
a maximum zenith angle selection of 90◦ to avoid albedo
gamma rays from the Earth, time intervals when the data
quality was good and the data taking mode was standard.
A 20◦ × 20◦ region of interest centered at the Galactic
coordinates l = 350◦.33, b = −4◦.46 was used in the analysis
with events having energies between 200 MeV and 500 GeV.
The data were binned spatially in counts maps with a scale of
0◦.05 per pixel and in energy with ten logarithmically spaced
bins per decade for exposure calculation.
The spectral and morphological properties of sources in
the region were studied with a maximum likelihood opti-
mization (Mattox et al. 1996) including all the sources in
the 3FGL catalog within the region of interest, the stan-
dard galactic diffuse emission model (described by the file
1 See http://fermi.gsfc.nasa.gov
gll iem v06.fits, Acero et al. 2016a) and the isotropic compo-
nent (iso P8R2 SOURCE V6 v06.txt) distributed with the
LAT analysis software. During all the fits the normalizations
of the diffuse components were left free as well as the nor-
malizations of the sources located within 5◦ of the center of
the region of interest. For one additional degree of freedom
in the fit, the significance of detection of a source can be es-
timated as the square root of the test statistic (TS), defined
as −2×log(L0/L), where L0 is the likelihood value without
the source and L the likelihood with the additional source.
2.1 Morphology of the emission
Only events above 5 GeV were used to study the morphology
of the emission in order to take advantage of the narrower
LAT Point Spread Function at higher energies. From the
3FGL sources close to the center of the region of interest
(see Fig. 1), only the source 3FGL J1733.5-3941 was signifi-
cantly detected (with a significance of 6.7σ) and in order to
facilitate convergence in the following its spectral parame-
ters were fixed at the best fit values. This source showed a
soft spectrum that was different to the spectrum of the new
source found here and thus it was left in the model. The
other sources in the region are 3FGL J1748.5-3912, which
has no association in the 3FGL catalog and it is thus re-
moved from the model as it could be part of the emission
from the new source, and 3FGL J1747.6-4037, which is left in
the model as it is associated to the pulsar PSR J1747-4036.
After the initial fit a map of the background was cre-
ated and subtracted from the observed counts map. In or-
der to lower the effect of residual background from unmod-
eled emission in the Galactic plane, several disc templates
were used to look for extended emissions. Their positions,
radii and spectral parameters assuming a simple power law
shape were optimised by searching for the maximum TS val-
ues around a starting location. The templates added were
two 0.5◦-radius discs centered at (l, b) = 351◦.44, -1◦.18 and
354◦.44, -1◦.61; and a 0.4◦-radius disc centered at 352◦.45,
-0◦.626. Additionally, the point sources found in the 3FHL
catalog (Ajello et al. 2017) that are located within the region
of interest were added to the model to improve the descrip-
tion of the emission (with the exception of 3FHL J1733.4-
3942 which is located at the edge of the extended region
of gamma-ray emission found here). A new search for point
sources was carried out along the Galactic plane which re-
sulted in three new sources with a TS above 25, which were
also included in the model.
The final map of residual emission obtained after sub-
tracting the new background sources described above as well
as the sources in the 3FGL and 3FHL catalogs is shown in
Fig. 1 in Galactic coordinates. Enhanced emission from a
region extending several degrees around the center of the
image is evident. In order to study the morphology of this
emission, the region is modeled with two spatial hypothe-
ses: a uniform disc and a collection of point sources. Due
to low statistics and to facilitate convergence, the spectra
used in all cases was a simple power law. The disc template
was placed within the interior of the region and its center
position moved in a 4◦ × 4◦ square grid with the origin at
the center of the region of interest, in steps of 0◦.1, chang-
ing its radius systematically at each position in steps of 0◦.1
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Figure 1. LAT counts map above 5 GeV obtained after subtrac-
tion of the final background model using a scale of 0◦.05/pixel.
The image is smoothed with a Gaussian kernel with σ = 0◦.3.
The yellow circle represents the best fit disc template found for
G350.6-4.7 and the black circle the radio extent of SNR G351.0-
5.4 (de Gasperin et al. 2014). The white crosses (circle) indicate
the positions of point like (extended) sources in the background
model from the 3FGL catalog, the green circles and X’s represent
the new background sources found in this work and the magenta
boxes are the sources from the 3FHL catalog that were included
in the model. The vertical and horizontal axes are the Galactic
latitude and longitude in degrees, respectively.
from 0◦.5 to 2◦.0, while at the same time fitting the spectral
normalization and index to find the maximum likelihood.
A systematic search for point sources within the excess
seen in Fig. 1 was carried out with the optimization tool
gtfindsrc, provided with the standard LAT analysis software.
However, the highest significance found for a point source in
the region was 4σ. When the likelihood value for a model
containing the four point sources with the highest signifi-
cances in the region is compared to the null hypothesis, the
resulting TS is 54. This model contains 16 additional degrees
of freedom. The uniform disc model, with only 5 additional
degrees of freedom and a TS of 144 with respect to the null
hypothesis, is preferred. The best-fit template is centered at
the Galactic coordinates (l, b) = 350◦.63,−4◦.71 and has a
radius of 1◦.7 ± 0◦.2. The 3-σ uncertainty in the position is
0◦.3 and was estimated from the change in the source TS
resulting from displacing the disc from the best-fit position.
The new gamma-ray source is thus referred to as G350.6-4.7
from now on. As a cross check, a similar search for extended
emission was done above 50 GeV where the diffuse emission
intensity is much lower. The highest significance above 50
GeV for a disc template is 7.8σ and its corresponding size
and location exactly match those found in this Section.
It is noted that a different spatial hypothesis contain-
ing several independent and extended sources in the region
was not studied here, and this is left for future work. The
same can be said about testing other spatial templates such
as emission from a shell or probing for spatial substructure.
It is also possible that the emission from G350.6-4.7 is the
result of several extended objects (e.g., supernova remnants)
present in this region and a more detailed analysis to disen-
tangle possible distinct contributions is left for the future.
However, the spectral fits used to find the disc template for
G350.6-4.7 by placing the discs in different positions in a
large region around the center of the source did not show
variations in the spectral index, which might indicate that
the emission comes from the same object.
2.2 Spectrum
The best-fit spatial template found in Section 2.1 and the
improvements in the background model were used to ob-
tain the source spectrum in the LAT energy range. At the
lowest energies some marginally significant residual emission
is found in the region having a very steep spectrum, which
might not be related to the source. Given the estimated LAT
differential sensitivity2, if the hard spectrum of G350.6-4.7
extends below 1 GeV without a break, it is expected that the
source would not be detected below energies of ∼ 0.7 GeV,
which is chosen as the energy threshold for the rest of the
analysis. A more detailed study of the low energy spectrum
of the source is left for the future.
In order to probe for curvarture in the spectrum dif-
ferent spectral shapes were used in independent likelihood
fits above 0.7 GeV: a simple power law, a log parabola and
a power-law with an exponential cutoff. The TS values ob-
tained for each spectral assumption are, respectively, 217,
220 and 218. For the power law with exponential cut off the
fit was not able to constrain the cutoff energy as it tried
to find a value above the high energy limit of 500 GeV
in the data. Both of the curved spectral hypotheses have
one additional degree of freedom with respect to the sim-
ple power law, and for the highest TS value obtained with
the log parabola function, the significance of curvature is√
3 ∼ 1.7σ, which is not significant. These results imply
that the best-fit spectral shape of this type for G350.6-4.7 is
a simple power law ( dN
dE
∝ E−Γ) in the LAT energy range.
The best-fit power-law index is Γ = 1.68 ± 0.04stat ±
0.1sys and the integrated flux above 0.7 GeV is (4.71 ±
0.49stat ± 2.13sys) × 10−9 cm−2 s−1. The overall detection
significance is 14.7σ. Since initial submission of this paper
and dissemination of the work, preliminary results from the
study of a new source has been reported at the Interna-
tional Cosmic Ray Conference (ICRC2017) by the Fermi
LAT Collaboration (Wood et al. 2017), the source shows
the same morphology as G350.6-4.7 and a similar spectrum
which confirms our results.
2 https://www.slac.stanford.edu/exp/glast/groups/canda
/lat Performance.htm
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2.2.1 Spectral energy distribution
In order to obtain the flux of the source in independent en-
ergy bins, the spectral energy distribution was constructed
using ten energy intervals in the range 0.7–500 GeV. A like-
lihood fit was performed within each of the intervals with
all parameters fixed for the sources in the model except for
the normalization of the diffuse models and the normaliza-
tion of the template representing the source G350.6-4.7. In
all the energy bins, the source TS was greater than 5. The
resulting spectral energy distribution values and their 1σ
statistical uncertainties are shown in Table 1.
2.3 Systematic errors
An important systematic effect in the analysis of LAT data
comes from the uncertainty in the model of the diffuse
emission which is most important at energies below a few
GeVs. Previous studies estimated that the intensity of dif-
fuse gamma-rays can vary by ±6% along the Galactic plane
with respect to the standard model (Abdo et al. 2009b; Cas-
tro et al. 2012; H. E. S. S. Collaboration et al. 2015). Re-
garding the uncertainty in the angular distribution of the
diffuse emission, Federici et al. (2015) carried out a detailed
study of the effect of the HI absorption uncertainty using
high-resolution gas surveys in the region. They found that
for the region of interest studied here, mostly located out-
side the Galactic plane, the difference between the standard
LAT diffuse model and their refined model is negligible.
However, a more complete analysis of the effect of the
uncertainties in the background emission model was carried
out following Acero et al. (2016b), who used a set of eight
alternative models3 developed in Ackermann et al. (2012) by
changing some crucial parameters that determine the inten-
sity and distribution of the Galactic gamma-ray emission:
the cosmic-ray source distribution, the height of the cosmic
ray propagation halo and the HI spin temperature. This is
important since the standard diffuse emission models dis-
tributed for LAT data analysis are optimized for analysis of
point sources and compact extended sources (Acero et al.
2016a), and the anlysis must be validated using different
models. The estimation of the systematic errors was done
as in Acero et al. (2016b) by comparing the source param-
eters obtained with each alternative model and those with
the standard model. The significant detection of G350.6-
4.7 (above 15σ for all alternative models considered), gives
confidence that the emission is indeed associated to a new
extended high energy source.
Systematic errors related to the imperfect knowledge of
the effective area were estimated following the LAT team
recommendations4. Since this uncertainty and the resulting
uncertainty from the background model are independent,
the total systematic error was obtained by adding them in
quadrature.
3 Found at https://fermi.gsfc.nasa.gov/ssc/data/access/lat
/1st SNR catalog/
4 See https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools
/Aeff Systematics.html
3 DISCUSSION
It is reasonable to attribute the origin of the gamma-rays
to the shell of a previously unknown SNR. If located at the
distance to the pulsar PSR J1747-4036 (3.4 kpc) the object
size would be around 200 pc and the center of the disc would
be located around 250 pc from the plane of the Galaxy. SNRs
with diameters of the order of a few degrees are known and
a significant number have been seen as extended objects by
the LAT (Acero et al. 2016b). Well-known examples are the
Cygnus Loop (Katagiri et al. 2011) and RX J0852.0-4622
(Tanaka et al. 2011). However, not many SNRs are known to
have a diameter greater than 100 pc, although large objects
could not have detected due to observational selection effects
(Green 1991). Dynamic considerations of the expansion and
evolution of a SNR can give a physical justification for an
upper limit in their size (e.g., Cioffi et al. 1988; Slavin & Cox
1993). It is possible then that if this new source is a SNR
it is much closer than 3.4 kpc and hence unrelated to PSR
J1747-4036. This pulsar is classified as a millisecond pulsar
(e.g., Abdo et al. 2013), and thus if related to the G350.6-
4.7, the SNR would also be too old to show a GeV spectrum
as the one found here (see e.g., Acero et al. 2016b). The
Cygnus Loop SNR is located at about 540 pc (Blair et al.
2005) and has a diameter of ∼ 35 pc. If the same physical
diameter is assumed for G350.6-4.7, the resulting distance
would be similar. However, the LAT spectrum of the Cygnus
Loop (Katagiri et al. 2011) is quite different to that reported
here for G350.6-4.7 so these two objects likely have very
different properties. On the other hand, with a diameter of
∼ 2◦ (or ∼26 pc), RX J0852.0-4622 shows a GeV spectrum
that is similar in shape to that of G350.6-4.7 (Tanaka et al.
2011). Both of these previously known SNRs have very clear
counterparts at other wavelengths.
A recently discovered source of gamma-ray emission
that shows very similar features to those of G350.6-4.7
at high energies is reported at the location of the SNR
G150.3+4.5 in the 2FHL catalog (Ackermann et al. 2016).
The gamma ray emission was described by a disc template
of radius 1◦.27 and it shows a hard spectrum (power law
index 1.66 ± 0.20). SNR G150.3+4.5, which is thought to
be associated to this gamma-ray source, was itself recently
discovered (Gao & Han 2014). It is possible that the gamma-
rays from G350.6-4.7 are produced in the shell of a new SNR.
There might also be a contribution to the gamma-ray emis-
sion from the recently discovered SNR G351.0-5.4. However,
this SNR has a small size compared to the gamma-ray source
G350.6-4.7 and it is likely old (de Gasperin et al. 2014).
There are candidate SNR shells that are detected at
TeV energies and have no known counterparts at other wave-
lengths, such as HESS J1912+101 (Pu¨hlhofer et al. 2015),
located at the coordinates (l, b) = 44◦.39,−0◦.07. This source
has no known counterpart at GeV energies and one of the
reasons could be that the source has a hard GeV spec-
trum that is below the LAT sensitivity. It is possible that
G350.6-4.7 is an example of this kind of TeV shells but for
which the LAT telescope is able to detect the hard GeV
spectrum. Follow up radio, X-ray and particularly TeV ob-
servations of G350.6-4.7 are necessary to understand its na-
ture.
It might be natural to assume from the spectral shape
of G350.6-4.7 that the gamma-rays are produced by IC
MNRAS 000, 1–7 (2017)
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Table 1. Spectral energy distribution data points obtained for G350.6-4.7.
Energy bins (GeV) νFν (10−12 erg cm−2 s−1)
0.7–1.4 4.91± 1.05
1.4–2.6 4.17± 1.21
2.6–5.0 4.45± 1.38
5.0–9.5 9.93± 1.72
9.5–18 6.09± 1.97
18–35 8.04± 2.42
35–66 10.8± 3.25
66–126 16.0± 4.44
126–240 10.1± 5.24
240–500 24.2± 8.09
Energy (eV)
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Figure 2. The spectral energy distribution of G350.6-4.7 is shown
here above 0.7 GeV. The squares are the LAT data points with
statistical errors and the shaded region represents the 1σ fit un-
certainty. Two versions of a simple leptonic model with electron
cutoff energies of 35 TeV (dotted line) and 80 TeV (dashed line)
are also shown. The solid line is the approximate H.E.S.S. sensi-
tivity for a 100-hr observation of an extended source as explained
in the text.
scattering of high-energy electrons. Fig. 2 shows the SED
of the source with a leptonic model calculated with the
naima modeling package (Zabalza 2015). The particle dis-
tribution is a power-law with a cutoff in energy () of the
form dNe
d
∝ −s · e−/c . The particle cutoff energy is of
course not constrained by the LAT data. Two models re-
sulting for c = 35 TeV and c = 80 TeV, with the same
particle spectral index s = 2.4 and total energy content of
1.3 × 1049 erg, are shown with the SED. The particles are
assumed to be uniformly distributed in a spherical volume
of radius 15 pc located at a distance of 500 pc from Earth.
Since the true location of G350.6-4.7 is unknown, for simpic-
ity, the photon field used in the model to serve as seed for
upscattering is the Cosmic Microwave Background (CMB).
The value for the magnetic field in the model is 1 µG, which
is a typical value in the Galaxy. Based on the source size and
the other parameters, the resulting electron energy density
at the source would be 19 eV/cm3.
For c = 35 TeV, the peak of the synchrotron spectral
energy distribution is seen at a photon energy of 20 eV.
The IC cooling time of a high-energy lepton with Lorentz
factor γ = 7 × 107 (which corresponds to a particle energy
 ∼ 35 TeV) interacting with the CMB is (Longair 1994)
τ =

4
3
σT cγ2UCMB
=
2.3× 1012 yr
γ
≈ 33 kyr. (1)
If the source age is not higher than this value it is likely
that it could be detected at TeV energies for the scenarios
shown in Fig. 2. The approximate sensitivity for a 100-hr
observation by H.E.S.S., which was taken from the point
source sensitivity plot in Funk et al. (2013) and degraded
by a factor of 10 to account for the fact that the source is
extended as indicated by the observatory external proposal
guidelines5, can be seen in the SED plot also.
Another scenario for the origin of the gamma-rays is
hadronic emission from cosmic rays accelerated in the shell
of a SNR. The hadronic gamma ray flux above a photon
energy of 1 GeV from a SNR located at a distance d by a
population of cosmic rays with a differential energy spectrum
of the form −2.1 is given by (Drury et al. 1994)
F ≈ 1.8×10−7 θ
(
ESN
1051 erg
) (
d
1 kpc
)−2 ( n
1 cm−3
)
cm−2 s−1.
(2)
Here, θ is the fraction of the total supernova explosion energy
(ESN = 10
51 erg) converted to cosmic ray energy and it is
taken as 0.1 as usual (e.g., Dermer & Powale 2013), and n is
the target gas density. Using these values and the measured
flux this translates to n1/d
2
1 ≈ 0.2, where the distance d1 is
in units of 1 kpc and n1 is in units of 1 cm
−3. For d1 = 0.5
this implies n1 = 0.05.
Galactic gas distribution models and constraints on the
cosmic ray energetics for off-plane gamma ray sources such
as HESS J1507-622 (Domainko 2011), observed 3◦.5 away
from the plane of the Galaxy, predict an ambient den-
sity of n1 ∼ 0.55 for a source distance of 500 pc. Using
this density value and distance, the hadronic scenario for
G350.6-4.7 requires a relatively low cosmic ray energy frac-
tion of θ = 0.01. On the other hand, a value closer to θ ∼ 0.1
would be allowed if the ambient density at the source is
much lower than the one predicted by Domainko (2011), or
the source distance is ∼ 1.6 kpc. But for a higher distance
of 2 kpc and θ = 0.1 the required density is n1 ∼ 0.8 which
5 https://www.mpi-hd.mpg.de/hfm/HESS/pages/home/proposals/
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might be high for the corresponding off-plane distance of
160 pc (Domainko 2011). In a hadronic scenario, the source
distance is then likely < 2 kpc, although this of course would
change for a more energetic progenitor SN event or a differ-
ent cosmic-ray acceleration efficiency.
The 70 Month Swift-BAT All-sky Hard X-Ray Sur-
vey (Baumgartner et al. 2013), with a flux limit of
1.3×10−11 erg s−1 cm−2 over 90% of the sky, reveals several
X-ray sources classified as low-mass binaries in the region.
This flux upper limit is not costraining for the models dis-
cussed here. A PWN has a characteristic spectral energy
distribution with two humps, one in X-rays attributed to
synchrotron radiation of very-high energy leptons and an-
other in the gamma-ray range produced by IC scattering
of ambient photon fields by energetic leptons (e.g., Gelfand
et al. 2009). Assuming similar energetics and properties to
those of a relatively extended PWN at GeV energies, Vela X
(Grondin et al. 2013), which is 290 pc away (Caraveo et al.
2001), the source G350.6-4.7 would be closer or physically
larger, but the LAT source associated to the Vela X PWN
shows a relatively soft spectrum (unlike that of G350.6-4.7)
and bright radio emission (Grondin et al. 2013). For a simi-
lar or shorter distance, the radio emission from the PWN in
G350.6-4.7 would be brighter but has not been seen. Thus
the PWN scenario is less likely for G350.6-4.7.
If there is no bright X-ray counterpart for G350.6-4.7,
a possibility for the origin of the source is the IC scattering
of energetic leptons in a relic PWN. The X-ray emission of
evolved (relic) PWN is very low or absent leaving a VHE
source with no counterpart. It is expected that the older a
PWN becomes the lower its X-ray fluxes are, and the peak
of the synchrotron hump is displaced to lower and lower en-
ergies while keeping the power-law component in the GeV
band hard (Mayer et al. 2012). The details of a PWN evo-
lution are expected to depend on the associated pulsar and
the magnetic field, but are not well known. A typical pre-
diction for the spectral energy distribution of an evolved
24 kyr-PWN taken from Vorster et al. (2013) is shown in
Fig. 3 with the measured LAT spectral energy distribution
of G350.6-4.7. The model was taken from that calculated
for HESS J1507-622 in an ancient PWN scenario and it
is scaled-up by a factor of 1.5. HESS J1507-622 is a pe-
culiar source discovered in a H.E.S.S. Galactic Plane Survey
(H.E.S.S. Collaboration et al. 2011), located relatively far
from the Galactic plane (∼ 3◦.5) and with no clear X-ray
counterpart. However, for this model to be valid, G350.6-4.7
would have to be relatively close due to its large extent. It
should be kept in mind that the relic PWN scenario is not
well tested and HESS J1507-622 remains after all uniden-
tified. Generally speaking, this is a plausible scenario for
the origin of the high-energy photons if indeed there is no
source counterpart at X-ray energies, although the particu-
lar model shown in Fig. 3 fails to reproduce the shape of the
spectral energy distribution. On the other hand there are
several established SNRs showing gamma-rays of hadronic
and leptonic origin. It is not yet known if there is a coun-
terpart for G350.6-4.7 at lower energies but studies in the
future might confirm the SNR origin of the emission.
Finally, the region around G350.6-4.7 is located within
the Fermi Bubbles, a pair of very large structures seen in
gamma-rays by the Fermi satellite (Su et al. 2010). The
spectrum of the bubbles above 1 GeV is described by a
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Figure 3. The same data shown in Fig. 2 with a scaled-up relic
PWN model (dashed lines) for the source HESS J1507-622.
power-law with an exponential cutoff with index ∼ 1.87 and
cutoff energy of ∼ 113 GeV, showing no spectral variations
across the bubbles (Ackermann et al. 2014b). It was shown
in Section 2.2 that the spectrum of G350.6-4.7 is different
and thus a possible relation between them is unlikely.
Extended gamma-ray sources such as G350.6-4.7 offer
an exciting possibility to carry out spatially-resolved spec-
tral modeling with the LAT. This is relevant to understand
particle diffusion in some sources interacting with ambient
material as well as to probe the local acceleration proper-
ties of a source. It becomes important to constrain its dis-
tance. The necessary future studies to unveil the nature of
G350.6-4.7 will surely benefit from observations at other
wavelengths.
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